24
Larmor frequency. RR spectra were recorded using a Jobin-Yvon U1000 
2
The Lba apoprotein was obtained by the acid-butanone method 3
[Ascoli et al., 1981] . After neutralization of the aqueous 4 phase with phosphate buffer (pH 7.0), the apoprotein was 5 incubated overnight with a 2-fold excess of protoheme or 6 mesoheme, dialyzed and nitrated. For time-course studies of 7 nitration, heme proteins (150-200 M) were treated with NaNO 2 8 (200 mM) in 50 mM phosphate buffer (pH 5.5 or 7.0) for 2 to 48 9 h at room temperature. The mixtures were dialyzed, 10 concentrated and resuspended in water (isoelectric focusing 11 (IEF) analysis) or in 10 mM NH 4 HCO 3 (MS analysis). 12
13

Results
14
Purification of Lbs and their modified forms 15
The major Lb components and their green derivatives were 16 purified from soybean nodules by ammonium sulfate 17 fractionation, conventional chromatography and IEF. All bands 18 containing Lbs were excised from the gels and the proteins 19 
Reconstitution of Lbs with mesoheme and in vitro nitration 22
To verify that the nitrated heme originated by a substitution 23 of a proton by NO 2 on a vinyl group, we prepared the apoLbs, 24 reconstituted the holoproteins with protoheme or mesoheme, and 1 nitrated the reconstituted proteins (Fig. 2) . 2 3
Figure 2 4
In vitro reconstitution and nitration of Lb. 5 6 Nitration of the apoLb reconstituted with protoheme caused 7 formation of green protein products (Fig. 2a) with modified 8 visible spectra (Fig. 2b) and with heme groups having a m/z 9 661 (Fig. 2c) . These Lb products showed identical 10 fragmentation patterns to the hemes of the green Lbs from 11 nodules. By contrast, the apoLb reconstituted with mesoheme 12 remained unaffected after the NaNO 2 treatment, based on the 13 Soret and visible spectra (Fig. 2b) and RR and MS analyses of 14 the protein. The MS analysis showed a molecular ion of m/z 15 620, characteristic of the iron-mesoporphyrin lacking NO 2 (Fig.  16   2c) . Taking these results together with the MS, NMR and RR 17 data, we conclude that the NO 2 group of the modified Lb hemes 18 is on the 4-vinyl and that several structural isomers are 19 produced by nitration of the protoheme. To confirm the 20 presence of several isomers of Lb hemes, Lba purified from 21 soybean nodules was nitrated with NaNO 2 at pH 7.0 or 5.5 at 22 room temperature and the resulting proteins were resolved on 23 preparative IEF gels (Fig. 3) . Nitration was faster at pH 5.5 24 than at pH 7.0, being completed within ~1 day and ~2 days, 25 respectively, when ~200 M Lb and ~200 mM NO 2 -were employed. 1 At pH 5.5, heme nitration required ~3 days to complete with 2 ~20 mM NO 2 -and was not completed after 5 days with ~2 mM NO 2 -. 3 4
Figure 3 5
Nitration of Lba and separation of the nitrated products on 6 preparative IEF gels. 7 8 Typically, six Lba derivatives were produced (Fig. 3) . 9
LbaN6 was low abundant and could not be studied further. All (Fig. 4) . DFO is a natural iron chelator 6 commonly used to establish the dependence of biological 7 reactions on free Fe 2+/3+ ions, but can also intercept free 8 radicals [Bartesaghi et al., 2004] . To gain information on the 9 inhibitory effect of DFO and the role of metals on Lba 10 nitration, we used ferrioxamine (1 mM), prepared by equimolar 11 mixing of DFO and Fe 3+ ions, and two powerful metal chelators, 12 diethylenetriamine pentaacetic acid (1 mM) and Chelex resin (5 13 mg). Neither FO (Fig. 4) nor the other two compounds had any 14 effect on heme nitration when added to the heme protein prior 15 to NO 2 -and, therefore, free metal ions are involved in the 16
reaction. 17 18
Figure 4 19
Inhibitory effect of DFO on nitration of Lba after 48 h. the NO 2 group is on the 4-vinyl (Fig. 1) . The modified Lbs 10 were synthesized in vitro by exposing the proteins to excess 11 will be of interest to determine whether they are generated 5 as unavoidable by-products of Lb-mediated RNS detoxification 6 or play physiological roles still to be discovered in 7 legume nodules. 8 9
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